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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve characteristic 
of a semiconductor device by reducing nitrogen vacancy 
in a semiconductor layer, in a semiconductor device 
using a semiconductor layer composed of nitride. 
SOLUTION: A semiconductor layer 8 composed of GaN 
containing arsenic is formed on a substrate 7, and a 
semiconductor element which is an active element such 
as a field effect transistor and a bipolar transistor, or a 
passive element such as a capacitor and a resistor is 
formed on the semiconductor layer 8. Concerning 
quantities of nitrogen and arsenic contained in 
compound forming the semiconductor layer 8, quantity of 
nitrogen is made greater than that of arsenic. 
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SPECIFICATION <EXCERPT> 

[0042] (Second Embodiment) 

FIG. 2 is a sectional view of a semiconductor laser device in 
the second embodiment of the present invention. 
[0043] In this structure, a buffer layer 10 of GaN(As) and a 
contact layer 11 of n-GaN(As) are formed on a sapphire substrate 9, 
a first cladding layer 12 of Si-doped n-Ga 0 .9AI 0 .iN(As), an active 
layer 13 of a quantum well structure of undoped In 0 .2Ga 0 .8N(As) / 
In 0 .oiGa 0 .99N(As), and a second cladding layer 14 of Mg-doped 
p-Ga 0 .9AI 0 .iN(As) are laminated on the contact layer 11, and a 
contact layer 15 of Mg-doped p-GaN(As) is formed on the second 
cladding layer 14. Here, regarding nitrogen and arsenic contained 
in the compounds forming the buffer layer 10, the contact layer 11, 
the n-type first cladding layer 12, the active layer 13, the p-type 
second cladding layer 14, and the contact layer 15, the amount of 
nitrogen is larger than the amount of arsenic. 
[0044] According to this structure, arsenic is contained in the 
n-type first cladding layer 12, the active layer 13, the p-type second 
cladding layer 14, and the contact layer 15. Since arsenic has a 
lower equilibrium vapor pressure than nitrogen in the same 
temperature, nitrogen vacancies existing in these semiconductor 
layers can be filled with arsenic. This makes it possible to almost 
completely eliminate a deep level in the n-type first cladding layer 
12 and the p-type second cladding layer 14, and obtain a 
semiconductor laser device having the active layer 13 with almost 
no nitrogen vacancies. Hence, a highly-efficient and highly-reliable 
semiconductor device can be obtained. 



[0045] Note that the same effects can be achieved even when 
at least one of the buffer layer 10, the contact layer 11, the n-type 
first cladding layer 12, the active layer 13, the p-type second 
cladding layer 14, and the contact layer 15 contains phosphorus or 
antimony instead of arsenic, or contains two or more elements out of 
phosphorus, arsenic, and antimony. 

[0046] Moreover, the same effects can be achieved even when 
one or more elements out of boron, aluminum, gallium, and indium 
are contained in at least one of the buffer layer 10, the contact layer 
11, the n-type first cladding layer 12, the active layer 13, the p-type 
second cladding layer 14, and the contact layer 15. 
[0047] A manufacturing method of this semiconductor laser 
device is described below, with reference to FIG. 3. First, the 
buffer layer 10 of n-GaN(As) is formed on the sapphire substrate 9 
according to a metalorganic chemical vapor deposition (MOCVD) 
method, using trimethylgallium, trimethylaluminum, 
trimethylindium, ammonia, and arsine (AsH 3 ) as raw materials for 
growth ((a) in FIG. 3). 

[0048] Next, as the contact layer 11, n-GaN(As) is 
crystal-grown to a thickness of 1 urn at a crystal growth temperature 
(hereafter referred to as a growth temperature) of 1000°C. An 
additive amount of arsenic at this time can be set to about 10 15 cm" 3 , 
since nitrogen vacancies when the growth temperature is 1000°C 
are about 10 15 cm" 3 ((b) in FIG. 3). 

[0049] After this, the first cladding layer 12 of Si-doped 
n-Ga 0 .9AI 0 .iN(As) is grown to a thickness of 0.5 urn, at the growth 
temperature of 1000°C. The growth temperature is then decreased 
to 800°C, and the active layer 13 of the quantum well structure 
(triple quantum well structure with a thickness of each layer being 
set at 5 nm) of undoped In 0 . 2 Ga 0 .8N(As) / In 0 .oiGa 0 .99N(As) as the 
active layer 13 is grown. The growth temperature is then increased 
to 1000°C again, and the second cladding layer 14 of Mg-doped 
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p-Ga o .9AI 0 .iN(As) is grown to a thickness of 0.5 |jm. 

[0050] Lastly, the contact layer 15 of Mg-doped p-GaN(As) is 

grown to a thickness of 0.1 pm, as a result of which the 

semiconductor laser device is completed ((c) in FIG. 3). 

[0051] Note that, since nitrogen vacancy densities of GaN at 

the growth temperatures of 600°C, 800°C, and 1000°C are 

respectively about 10 19 cm" 3 , about 10 17 cm" 3 , and about 10 15 cm" 3 , 

nitrogen vacancies can be filled by adding the amounts of arsenic 

corresponding to these densities. 

[0052] The above first and second embodiments describe that 
a highly-efficient and highly-reliable semiconductor device or 
semiconductor laser device can be obtained by using a layer made of 
GaN(As) with almost no nitrogen vacancies in the semiconductor 
device or semiconductor laser device. This layer made of GaN(As) 
with almost no nitrogen vacancies can be used as a layer 
constituting a transistor. In such a case, transistor characteristics 
in a high frequency region can be improved, so that a 
highly-efficient and highly-reliable transistor can be obtained. 



